Abstract: This research was conducted at the Africa Rice Sahel Regional Station (near Saint Louis, Senegal) during two wet seasons (i.e., July to November) in 2010 and 2011 with the aim of assessing the performances of introduced hybrid cultivars along with an inbred check cultivar under low input fertilizer levels. The five treatments used in this study were (a) the control (without any fertilizer application), (b) 37.5-4.4-8.3 kg N-P-K ha −1 , (c) half of recommend application in kg N-P-K ha −1 ), (d) 112.5-13.3-24.8 kg N-P-K ha −1 , and (e) the recommended application in the country (150-17.5-33 kg N-P-K ha −1 ). There were significant year and cultivar effects for all traits. The fertilizer levels affected significantly most traits except panicle length and 1000-grain weight. The year × fertilizer level and year × cultivar interactions were significant for most traits, but the fertilizer level × cultivar and year × fertilizer level × cultivar interactions were not significant. Days to maturity, plant height, panicle per m 2 , and grain yield increased with increasing fertilizer levels during the two wet seasons. The grain yield of rice hybrids (bred by the International Rice Research Institute) was not significantly higher than that of the check cultivar widely grown in Senegal. The assessment of other rice hybrid germplasm showing more adaptability to low fertilizer levels will facilitate further hybrid cultivar development in Africa.
Introduction
Sub-Saharan African farmers considered fertilizer to be costly or unaffordable, particularly when fertilizer prices increased following the removal of subsidies. Fertilizers are more expensive in most of sub-Saharan Africa than in any other continent mainly due to the lack of efficient fertilizer market infrastructure and poor transport network [1] . Many countries were forced to reduce fertilizer imports or expansion plans. Senegal is currently one of the largest rice consumers in West Africa. Self-sufficiency rate of rice is as low as 20% of the total demand. Two main ecologies of rice exist in Senegal. The irrigated rice where the average yield is 6.5 t at farmers "level while under the upland ecologies farmers are getting less than 2 t per ha. Under irrigated conditions, the production cost is heavy due the use of pesticide, fertilizers, and non-adapted credit systems. The main abiotic constraints are problem soils like salinity, acidity, and iron toxicity for lowland and drought for upland ecology. Consumers' preference varies from region to region and it is also based on the recipes. In the rice-growing environment, whole rice is preferred, while, in big towns, consumers prefer broken. Many farmers had to decrease their P and K inputs to offset production expenses, and some governments had to reduce fertilizer subsidies.
Fertilizers are very important inputs to intensify rice production elsewhere. The profitability of rice production systems depends on grain yield and amounts of inputs [2] . The appropriate fertilizer input allows the cultivars to achieve high grain yields, thereby, bringing profits to farmers.
Labor costs and the purchasing of synthetic fertilizers are often the largest investment made by rice farmer elsewhere. Enhanced fertilizer-use-efficiency can therefore benefit rice farmers. It can be improved by using cultivars with high nutrient-use-efficiency or nutrient management options that take into account the indigenous soil supply and an attainable grain yield based on climate, farmers' knowledge regarding crop husbandry, and capital availability.
The aim of this experiment was to assess the efficiency of using synthetic fertilizers by high-yielding rice inbred and hybrid cultivars during the wet season in a location at Senegal's Sahel. Such an assessment will allow identifying suitable rice hybrids for low-input agro-systems.
Materials and Methods
The field trials were at Africa Rice Sahel Regional Station, near Saint Louis (Senegal) during the season (i.e., July-December) of 2010 and 2011. The rice germplasm included in both years were hybrids bred by the International Rice Research Institute [3] , and the inbred cultivar Sahel 108 as check as it is widely grown by farmers in Senegal.
Five fertilizer treatments (F) were used in this study. They were F 0 (or control; i.e., without any fertilizer application) F 1 (37.5-4.4-8.3 kg N-P-K ha −1 ) F 2 or half of recommend fertilizer application in Senegal (75-8.75-16.5 kg N-P-K ha −1 ), F 3 (112.5-13.3-24.8 kg N-P-K ha −1 ) and F 4 or the recommended application in the country (150-17.5-33 kg N-P-K ha −1 ).
The hybrids and the inbred cultivar used as check were sown in a wet nursery. Seedlings were transplanted 25 days after sowing, using a single plant per hill and distancing each by 20 cm. The experimental layout was a randomized complete block design (RCBD) with three replications. Soil characteristics were measured before crop establishment and fertilizer application ( Table 1) . The minimum and maximum temperature of 2010 and 2011, in Saint Louis Senegal, are shown in Figure 1 . Days to 50% flowering, plant height (cm), panicle length (cm), spikelet sterility (%), 1000-grain weight, number of panicle per m 2 , and grain yield (t ha −1 ) were recorded according to the Standard Evaluation System for rice [3] . Grain quality traits such as total milling recovery, whole percentage, and alkali spreading value (ASV) were also recorded after harvesting F 0 , F 2 and F 4 plots in the 2010 and 2011 wet seasons. The method used for ASV involved the visual observation of the degree of dispersion of grains of the milled rice after their immersion in 1.7% KOH [4] . Alkali digestion determines indirectly the gelatinization temperature (GT). A low ASV corresponds to a high GT, and, conversely, a high ASV corresponds to a low GT. Rice with low amylose content has often a soft gel, low ASV, and high GT [5] . SAS version 9.2 [6] was used for analyzing the data. The main sources of variation were years, cultivars and fertilizer levels, as well as their 2-and 3-level factor interactions.
Results
The year affected significantly (p < 0.05) most traits except spikelet sterility, while cultivars differed significantly (p < 0.01) for all traits ( Table 2 ). The effect of fertilizer levels was significant (p < 0.05) for days to 50% flowering, plant height, panicle per m 2 , spikelet sterility, and grain yield.
The year × fertilizer interaction was significant (p < 0.05) for most traits except panicle per m1000-grain weight, while there was a significant year × cultivar interaction for most traits but panicle length (cm). The remaining 2-and 3-level interactions were non-significant (p > 0.05). The wet season in 2010 was significantly (p < 0.05) more benign than in 2011, as noted by the trait means (Table 3) . Plant height, days to 50% flowering, panicles per m 2 , spikelet fertility, and grain yield increased significantly (p < 0.05) when fertilizer levels went up (Table 3) . Plots without fertilizer showed early days to 50% flowering (around 90 days) during both years while spikelet sterility decreased when using above half of the recommended fertilizer level for Senegal in 2010 ( Figure 2 ). Table 3 . Mean performance across years and for each fertilizer levels across both years. 
There were significant differences (p < 0.05) for most traits among the hybrids and between them and the check cultivar Sahel 108 (Table 4) . IR86167H (97 days) had the longest period of vegetative growth, while the IRR1138 was the earliest for days to 50% flowering during the wet season of both years. The inbred cultivar Sahel 108 exhibited the shortest stature (74 cm), while the tallest (91.7 cm) were IR81954H and IR83212H. IR80228H had the largest panicle (24 cm) and the shortest panicle (21 cm) was noted in Sahel 108, which produced the highest number of panicles per m 2 (466). The highest and lowest percentages of spikelet sterility were found in hybrids IR83212H and IR 81954H, respectively. IR81950H had heavy grains (26.6 g for 1000 grains) that weighed significantly above those of Sahel 108 (24.7 for 1000 grains), while the lightest grains were found in IR81955H (24.4 g for 1000 grains). IR80228H showed the highest yielding hybrid (5.9 t ha −1 ), but its grain yield was not significantly different than that of Sahel 108 (5.9 t ha −1 ). Average of grain yield for hybrid varieties under different fertilizer levels present in (Table 5) . Generally grain yield increased with increasing of fertilizer levels for most hybrids and check variety. In the same time, no significant interactions observed between hybrid varieties different fertilizer levels. Grain quality traits did not follow any trend according to fertilizer levels ( Table 6 ). The inbred check cultivar Sahel 108 had the best milling recovery and whole grain percentage, while IRR1138 exhibited the best ASV at zero and intermediate fertilizer levels. 
Discussion
Grain yield decreased in most rice cultivars when lowering fertilizer use in the wet seasons of 2010 and 2011. An increase of fertilizer levels significantly improves growth, grain and straw yields of rice. This result also confirms that fertilizer (N, P and K) is essential for increasing rice grain yields [7] [8] [9] . It promotes rapid growth and increases leaf size, spikelet number per panicle, percentage of filled spikelet in each panicle and grain protein content [10] [11] [12] [13] [14] also indicated that the grain yield of most rice hybrids significantly increased when N-fertilizer went up to 180 kg ha −1 . Lin et al. [15] [16] [17] [18] [19] [20] [21] [22] found that the system of rice intensification (SRI) can significantly reduce N-fertilizer use due to planting hybrid seed at low density. High fertilizer levels also extended the vegetative growth. Plants were taller in the first year than in the second year, which suggest that climate and affect plant height. Although Yadav [16] indicated that nitrogen levels did not affect significantly plant height at all stages of rice growth, an increased use of fertilizers led to tall plants in this experiment, which supports previous findings by Van Hach [17] .
Years affected significantly panicle length, which was bigger in 2010 than in 2011. This could be due to the wider range between day and night temperatures in 2011 (Figure 1 ). An increase on fertilizer levels led to having more panicles per m 2 , thereby suggesting that nitrogen seems to be effective for stimulating tillering. Increasing fertilizer levels did not lead to heavy grains because the sink capacity (i.e., spikelet number) was high in the cultivars during both years. These findings agreed with previous research [12, [18] [19] [20] . A high number of panicles per m 2 and the number of filled grains per panicle will increase grain yields. The grain yield advantage of IRRI-bred hybrids was not significantly above than that of the inbred check cultivar in Senegal. Their grain yield was higher in 2010 than in 2011, when there was a three-week flood due to heavy rains. Newly bred hybrid rice cultivars have high physiological efficiency due to its vigorous root system, great sink size, large leaf area index during grain filling, and wide adaptability to various environments, including saline soils [21] .
Testing new rice hybrids under low fertilizer levels may facilitate identify suitable germplasm showing adaptability to the low-input farming systems of Senegal. Nonetheless, plant breeders should keep in mind that the potential impacts of rice hybrids in sub-Saharan Africa will be influenced by other factors beyond the genotype, environment, and crop husbandry. They are related to conducive policy for adopting this seed technology, working input markets for seeds and fertilizers, institutional arrangements throughout the value chain (including extension systems), and social demographics influenced by end-users (i.e., farmers, millers and consumers).
Conclusions
More studies need to be conducted to propose a specific formula of fertilizer per variety or group of varieties knowing that they respond differently. The same studies need to be conducted in areas with problem soils to combine tolerant varieties and fertilizer application to increase the average yield across ecologies.
